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THE PROBLEMI
Evolve new ao nat' tecniques to& provide high-power,

low-frequeincy, broad-band. underwatersondouc.
The. work reported here involved mnodification of 'an inter-

leavd-plte lectodyaric transducer toL clorrect design
deficiencies'.

,RESU LTS

1. 'The irie aved -plate eil'cti'odyniamic trans ducev
was modified to pr'event flexmure of the driving platesa and
wate r stopp-a8ge in, Conttp icted seetions. -te r~evised Ver-
s.on (Model 3B) is basically the sane. as the o arl11e r
models, excepbt for a reduction, in~ the totfal electrioal re-
sistance in eaC,,h set of plates.

2. The preseit iniodels of tran~ducers and inverters
haveL given manyfi hours, of sea opert'o with no serios in-

3.Teeficiency of about 1 per cent characteristic of
the Model 3B makes it-unsuitab-le, for other than experirnen-
tal applications req-i~ring a very broad usable band width.

4. Purther modifications are outlined, or already in
pr~ogre~ss, to extend the us~efulness of this transducer..

RECOMMENDATIONS

1. Consider the Model 3B transducer suitable fo~r use
as a broad-band sronic source in a variety of sonar experi-
ments.



2. Continu e development of the interleaved-plate
electrodynamic transducer, modifying it as proposed in the
report, to, extend its usefulness.

ADMINISTRATIVE INFORMATION

Work Was performed under AS 0:2101., :SF 001 03 04,
Task 801 (NEL L3-2) by metnbers of the Electrodynamics
and hngieering Design Divisions, betweent Septe mber 1960
and October 1 96 2. The report Was approved for publication

20 December 1962.

CONTENTS

INTRODUCTION... page 3

MODEL 3B] DESIGN... 4

PHYSICAL DESCRIPTION. P. 4

OPERATING CHARACTERISTICS... 9,

FURTHER DESIGN CHANGES... 14

CONCLUSIONS... 16

RECOMMENDATIONS... 16

2



INTRODUCTION

.An interieaved-plate elec.rodynamic transducer was
designed as a br~tadband underwater .sloucrd SoUvrce ca2apable

of deliVering an acooustic output of 2150 watts ftom an :aO

input power of 100 kilowatts * The oiiginal model and an
improved version (Model 8,) are de;s8ribed, in earhie re-
ports. 1, 'The driving p of theste models con-

sisted of parallel plates. of cop,per or aluminm windings'
separated by silicon iron strips. When sustained high-
level operation of the transducers produced ovildence of
flexure of the driving plates, design mtodific atIon, was, under -

taken to correct this fasu. in the transducer described

here ,(Model 3,B) the ickness -of the, plates, was increased

from finch to nearly 1 inch. Also, the tubing size was
increased fraom 3[8 to '5/8. inch O. D. to prevent water

stoppage in -oinstricted sections. Design details ard: oper

atifng characteristics of Model 3B are b.,iefly described in
the following secti.onS Details of the fabrication te chnique

are given in an NEJL Technital Memoandum .

1Navy Electronic:s Laboratory Report 883, Interleaved-

Plate Electrodynamic Trlansducler.. Part I: Static Thrust

Analysis by Burwell Goode, 11 December 19.58

2Navy Electronics Laboratory Report 995, Interleaved-

Plate Electrodynjamic Transducer. Part I!: DesigI and
Performance Analysis of Model 3 by F. R. Abbott.,

11 October 1960
3 Navy Electronics Laboratory Technical Memorandum 532,
Evolution of a Water Cooled Wave Winding for a Recipro-

cating Motion Linear Drive Electric Motor,. by C. Stuart

and F. R. Abbott, 23 March 19,62 (an informal document

intended primarily for use within the Laboratory),
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MODEL 3B DESIGN

in de sign and operationi the Model 3B transdueer i's
basicaily the !same, as the Model 3,,2 the principal modifi-
,cations being the inreas, in piate thicnesis to near.y

I intch, and the increas'e in tubing size from 3,/:8 to 518
inch 0, D., The nominal design acoustic output and, .electri-
cal input remain the .same, as does the principal opera-
tional frequency bard of 15% to 60"0 .c/s. The design changes

produced a reduction in the ele-trical resistance of each
set of plates.

PHYSICAL DESCRIPTION

The physical dimensions of the Model 3B transdt-wer
are as follows:

Weight 1200 pounds

Height 7 feet

Width 3 feet

Length 5 feet

Volume of coolant distilled water 7 gallons,

Maximum amplitude of motion of

one dome from normal centered
position 1/8 inch
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the traneducer drive Unit i s
made up of twelve male and
twelve female plates. Here
the male plates are benlg
l owered into the female set.

Each driving plate uses ser"-
pent me conductor tubing
formed from high-purity round
alum.inum tubing, 5/8 inch
0. D. by 0.075 inch wall,
deformed to 3/8 inch by 3/4
inch. A stack of nine
o002-inch silicon iron
strips, 0.975 inch wide, is
inserted between runs of the

t6' aluminum tubing, with suit-
able insulation. The assem-
bly is potted in the alu-; - - --- ".' ? .......... minu~m frame wit$h ep.ox~y roa I-n.,

,~G i" ude pins at top and bottgom

assure uniform spacing.
Angular fittings (as shown at
left) are joined to the tubes
emerging from the side to
provide electrical connection
with other plates of a set,
and also to permit coolant

-A - water to enter or emerge,
""df11 Vfrom a plat e,
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The male plates are held to
trhe caa t magnesium header by
"U" clamps wh Ich fa c i i t a t. e
repIacem'ent of a defective
plate with m i Iuinum d is tu rb -
an ce of the set. Tubinftg
n ipple o n an gular elect ri-

cal connectaosn permit
parallel water flow through
the acet.

Heavy construction of end
platse in female set is re-
quired to provide rigidlity,
as he, end plates are not in

!.'A equilibrtum, with reprspect to
transverse magnetic fields and
are subject to intense mutu-
all1y, central attraction.
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Plastic water maniCfolds are
conntecteld to the Assemble-d
drive unit.

Next, the drive unit is placed in 1ts housing to
rest on side, ral-. Teflon boearing strips sltde
on the luubricated rails to minimize friction.

7



EECTRICALILUG

OUTLET- INLET p
TU~jBES::;:, ,".:; ,

When the drive unit is in its housing,
manifolds adre clampead to outlet and
in-let tubes. An elecdtrical connect ion
laug at the top is yet to b.e connected
to one of the waterproof Joy connec-
tors p rotrudintg from the right side.

Here the completed, transduzce r
unit is viewed at the elect ri-
.cal feed end,. Stainless steel

bellows are used between the
housing and the rpound magne-

s um do.,meso. T-he final, seal is
made with the, three seotor

clamping rings.
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OPERATING CHARACTERISTICS

'The, principal operational f requency baftd is 15 to 600O
c/s;for ullpowe~r the% band, is abOut 25 to 3.00-c,/s.Th

8hort puls-e acouttic sout'ce levell, is, 95 db: re 1 dyne at 1
meter. Typial log-pul se operation is at10 mee

RMAS and about 72 volts-each, ac and:de.

0

2 INDUCT IVE REACTANCE

S0.2-=- ~-_ _ _- _

RESI ST-NCE

005, .. 0.5 1
FREQUENCY (KC/,S)

Tranewmit ting response oaf interleavzed-grid t rans-
ducer (Xodlel 3B) measured at Pend, Oreilleo Cal i-
brat ion station .119/62. Test conditions: tern-
peratureT 11,10C; depth, 22.1 meters; current,
210o to 3,a0 lamperes input to end' of cable
supplied With unit; 0. 00 amperes,., The pro-
nounced antli-resonance and reduced output *vdn
near 40.0 c/s are under analysis at this time..
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Internal resistance of the, male plate set is 0. 028 ohm.
and of the female plate s,et, O. 03 ohimn.

Operationft i8, normaily at 150, toe', 3'00 foot -depth. An
air lirie with autonatic -electrical control compensates for
external static pressure an:nd maintains the plateS at a
relative position for maximum electr-omagnetic thrust.

Here the transducer unit is being lowered from
USS COVE (MI-) to150-foot depth, for teat,
The four 300.,000 cir mi.1 electrical power leadsw
are requ ired to Jmit, tranalee ion loss.
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The method of mo~*nting the Model 3units, 4a they
are shown here aboard uss &APItAI1E,* facilitatesa
minor repairs# at tea.

Pair of Model, 3 units mounte-d on a submarine d e, k.
The tractor inner tubes connected to the pressure
,compensation syste-m serzue as reflectors and pro-
vide about R db front-to-back ratio of the
,acoustic fifeld'.



OW-PRESSURE
OUTLET

HIGH-PRESSUIRE
INPUT

Pump

RESERVOIR

PE AT
EXCHANGER

A cooling zwater flow of 40
gallons per minute at 20 P81
presaure is provided by l-kw
power in,to a aubersible pump.

Conversion to, ac at the frequency desired in operation
is accoMplished by semi.onductor parallel inverters which
are rated at hundreds of kilowatts, and occupy only about 10
cubic feet.,* These inverters have been found quite reli-
able; the difficulty which maight be associated with parallel
balanced operation has been largely overcome by the in-
creased rating of the silicon controlled rectifiers (SCR's)

*Circuitry for this type of inverter is published in General
Electric or Westinghouse SCR manuals.,
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Seiodco paale inverirjtor -~sue ocnett

SIcoalncduco parallel inver-4 o
eighrete to conv300mer t

opat ion.u ToeerilionI
costroed raetifqierued in
'Cnnthe se inverter s aeesiose
ab00-amperei 500-vot~et

in blancd paalle grops1o



used in, them. The :SCR1's are Westinghouse 200-ampere,
500-volt elements in balainced' parallel groups of eight to

permit 3200-ampere continulous-duty operation if desired.

Damage to the costly SCR's is usually avoided by
placing an instantitaeous magnetic overload relay in the
lead to each,., Actuation of any relay opens contactors to

the main dc power source, Loss of SCRIs has been negli-
,gible since this protective means was, introduced.

High power operation is generally pulsed,, so the aver-
age power consumption is about 10 kw. Leads must be
large to, avoid serious power, loss. The high electric cur-
rent input sOu-Inds alarming but is no sleve.re problem on
shipboard, Ice breakers, nuclear submarines., and many
other ship classes have high-capacity, three-phase. 480-
volt sources aboard. This is transformed down to 120
volts or less and currently fed directly to SCR inverters in
each phase,

FURTHER DESIGN CHANGES

To increase the usefulness and reliability of the Model
3B, further mnodificotions are proposed, or already under
way, as follows.

The large excursion feature exploited with this device
at low frequencies cannot be realized above 300 c/s because
of the mass reactance of plates and the liquid media. In-
troduction of stiff position-restoring springs to permit

resonant operation could raise the practical maximum
usable frequency,

Several units are being converted to resonate at or

below 200 c/s. Such resonanc. precludes operation at.
lower frequencies, but may improve performance, by

several db., in a band near resonance.
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T he simple stack of silic-n iton sheets betwee, n tubing
runis in the drive, plates will be replaced by sets of stamp-
ings to reduce the reluctafnce of the air gap and thus, reduce
input current requirements. This, change is expected to,
quadruple the efficiency of the transducer and, may add
about 1;0 peir cent to the eost of assembly lof the driving
plates.- The first of these modified transducers will prob-
ably be in Ooperation by the summer of 1963 ,.

An inverter now being assenibled, will em.ploy 'eight
4-00-ampere, 500-volt SCR's and ,occupy 5 cubic feet in-
Stead of the 101 cubic feet required by the present inverter
unit,. Its nominal pulSe power rating will be 2000 amperes
at 100 volts RMAS. The space requireiment is increased by
the large ac capacit or which must parallel the loadi

.50

A bank of ac capacitors is
used with the invertera. Con-

ventzonal paper-type, motor-
running capacitors are used._i ' : Pro~Vis on is Madeo for p.!ug.-in

variation from about 10,000 ,uf
required below 50 c/s down to
a few hundred ,f required at
1000 c/s. Usually stable
o.peratiQn over about an octave
band is. poassible with constant
oapacit ance.
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CONCLUSIONS

1. The present models of transducers and inverters
have given many hours of sea operation with no serious
interruptions. Shutdown time for trouible-shooting is not
severe. The trans-ducers are, reasonably resistant to
accide.ts, but the ac ustic output is sensitive to poor

pressure coimpens:tion and c:an, be reduced several db by
an excess or deficiency of about 1 psi.

2, The effitienwcy of about I per ,cent characteristic of
the Model 3B transducer makes, it unsuitable for otlher than
experimentaL applications demanding very broad usable
band width,.

RECOMMENDATIONS

1. Consider the Model 3B transducer suitable for use
as a broad-band sonic source in a variety of sonar experi-
ments.

2, Continue development of the interleav ed-plate
electrodynamic transduc.er, modifying it. as, proposed, to
extend its usefulness.
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